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AHHOTauuA

B BOAHbIX pacTBOpax /IMTUEBbIX COMEN B pe3ynbTaTe rMApoan3a MoHoB Li+npomcxoamt o6pa3oBaHue
rMOPOKCHAa NUTUSA, YTO B LIE/IOM PAAE C/yYaeB MOXET MPUBOAUTL K CYLLUECTBEHHOMY WM3MEHEHWIO
CBOWCTB CUCTEMbI, U3MEHEHUIO NapameTpOB MPMOOPOB M YCTAHOBOK, MMEIOLLMX B Ka4yecTBe paboyero
BellecTBa com nutua. B cTatbe npuBefeHbl pesynbTaTbl TEPMOAVUHAMUYECKOrO MOZENMPOBAHUS
cuctembl H20-LiOH B pamkax mMofenu Nutuepa. BbiBefeHbl ypaBHeHUsI /19 pacuyeTa CpefHero
MOHHOTO KO3(PMLUMEHTa aKTMBHOCTWM [/ KOMMOHeHTa cuctembl LIOH ©u  0CMOTUYECKOro
Ko3(hhmumeHTa BoAb!l. PaccumTaHbl 3HepreTuyeckre napameTpbl MOAENN C YYETOM OMbITHLIX AaHHbIX
Mo OCMOTWUYECKOMY KoapduumeHTy Bogbl @ OT cocTaBa pacTtBopa npu 25 °C. PaccynMTaHHble
3Ha4YeHNs OCMOTMYECKOro KoahduumeHTa BOAbl M CPeHEro WOHHOIO KO3PQULMEHTa XOPOLUO
COrNacytoTca C 3KCNepUMEHTa/IbHbIMU AaHHbIMW. OnpefeneHo 3HaydeHWe CTaHLApTHOW 3Heprumu
"'m66ca obpasosaHms KpucTannormapara LIOHH20. MNocTtpoeHa dasosast avarpamma H20-LiOH.

Abstract

In aqueous solutions of lithium salts, lithium hydroxide is formed as a result of the hydrolysis of Li+
ions, which in a number of cases can lead to a substantial change in the properties of the system,
changes in the parameters of instruments and installations that have lithium salts as a working
substance. The results of thermodynamic modeling of the H.O-LiOH system in the Pitzer model are
presented in the article. Equations for calculating the average ionic coefficient of activity for the
component of the LiOH system and the osmotic water coefficient are derived. The energy parameters
of the model are calculated with allowance for the experimental data on the osmotic water coefficient
@ on the composition of the solution at 25 °C. The calculated values of the osmotic coefficient of
water and the average ionic coefficient are in good agreement with the experimental data. The value
of the standard Gibbs energy of the formation of LIOHH20 crystal hydrate is determined. The phase
diagram of H20-LiOH is constructed.

Knwouesble cnosa: Mogenb lMutuepa, cuctema H20-LiOH, MOHHbIE KO3(M(MLMEHTLI aKTUBHOCTMH,
OCMOTUYECKMNIA KOIPMULIMEHT.
Keywords: Pitzer model, H20-LiOH system, ionic activity coefficients, osmotic coefficient.

BBepgeHune

Fmapokema nNUTus HeobXoauM ANA MONYyYeHUS COMeil 3Toro Metania. ATWU COMM
BXOAAT B COCTaB Hano/HUTEeNen ANA WeNoYHbIX aKKyMynsTopoB. OHU Xe NPUMEHATCS B
npoTmMeorasax, NOABOAHbLIX M KOCMUYECKMUX CyAax AN NOrfoweHus yrnekucnoro rasa. bes
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CONe NUTUSA HEBO3MOXHa nosivMmepusauus (OH BbICTynaeT Kak KaTanusatop). BewiecTso
LUMPOKO MCNOJIb3YeTCA B CTEKO/IbHOM MNPOMbILNEHHOCTU, MPU MPOU3BOACTBE KepaMUKW,
CMa304YHbIX MaTepuasnos, CMOCOOHbLIX MepeHoCUTb 60MbLY pasHuuy Temnepatyp. CerogHs
Bce 60/iblUe 3TOr0 BellecTBa PacXoAykT A1 NPOM3BOACTBA JIMTUAR-UOHHBIX WUCTOYHWUKOB
nuTaHua. MHorve aBTOpbl M3yyanu [aHHYK Auarpammy 3skcrnepumeHTtanbsHo [Ennan,
Lapshin, 1973; Stephan, Miller, 1962; Van Meurs, 1916], a TakXe TepmMOAMHAMMUYECKUE
cBoicTBa faHHol cuctembl [Covington, 1977; Pitzer, 1973; Kangro, 1962; Hamer, 1972].

B HacToflemM wuccnefoBaHWM  paccMaTpPUBAKOTCA  CMpaBOYHbIe  AaHHble MO
TepMOAMHAMWYECKUM CBOMCTBAM BOLHOr0 pacTBopa rmapokcuaa nutus.

[ns onucaHna TepMOAMHAMMWUYECKUX CBOWCTB BOLHbIX PacTBOPOB 3/1eKTPOINTOB
CaMOi LWIMPOKO MpuMeHsieMol sBnseTcs Mogens Mutuepa [Pitzer, 1973]. MogenbHble
ypaBHeHUs MPOCTbl M COAep>aT HebOMbLIOe YUC/O BapbUPyeMbiX MapamMeTpoB, KOTOpble
UMET OnpefeneHHbli  (U3MYecknin  cmbicn. OHM  NpPeAcTaBNAOT CO60M  JIMHEHble
KOMOMHaLWW BUPUAbHbBIX KO3(MHPULNEHTOB B Pa3fioXXeHUN N30bITOYHON CBOOOAHONM 3HEPTUM
Fm66ca pacTBopa Mo Yncny mosnei NOHOB.

Pe3ynbTaTbl U UX 06CyXAeHNe
BbiBejleHO ypaBHeHMe ANA pacyeTa CPeAHero MOHHOro Ko3duuMeHTa aKTUBHOCTM
LiOH:

In/+= - A®[m12/(1+bm12) + 2In(1+ bm1)/b] +2p Pt m + (1)

Z.0H-[(mg’(2/ ¥2) + 2mg(2/12)] + 32 m"Cf,

rae Ao - npefenbHbli Yron HaknoHa npsMol [ebas-XwKkensa [Ans OCMOTUYECKOro
KoahthmumeHTa, paBHblii 0.391 [Bappwu, 1988; Pitzer, 1973]; m +=mCH =m - MONSANLHOCTb
conun; b - NOCTOAHHAA ANna BCeX CUCTeM, paBHasa 1.2 no Mutuepy; OH-,3"r+0H- OH- -

3HepreTnyeckme napameTpbl Teopuu; (yHKUMN g,g’onpegensiTca  Kak

2
g =2[1-(1 +x)eexp(-x)]/x2, g’=-2[1- 1+x +~X) "exp(-x)]/x 2, X=a "r/ ,

roe at(«! =2,a2=0) - macwTabHbIn MHOXWTENb ANA 3aBUCUMOCTMN 3 OT UOHHOW CUSbI.
YpaBHeHWe ans pacyeta 0CMOTUYECKOr0o KoahuumeHTa BoAbl:

®=1+[-Adm”" /(1+bm12)+Prgo}ohm+ o)
+ 31+0h-mexP(-2m 12) + m2<Ci+OH-’

rge mLi+= mogr- =m - MONAIbHOCTb CONN.

PacuyeT 3aHepreTMyeckumx mnapameTpoB Teopumu OH- ,3{1+08-,Cf+0H- npoBoguncs

metogom MHK, pgns atoro 6blnacocTaBfneHa cucTeMa ypaBHeHuliBbipaxeHusa (1), rge
BapbMpOBaANINCLCNPABOYHbIE [JaHHbIE NMOMOMIANBHOCTA U COOTBETCTBYIOLLEMYEN CpefHeMy
KoapuuneHty akTmpHocTu™ npu 25 °C [Hamer, Wu, 1972]. [MapameTpbl Teopuu
NoJly4YnnnucCh CnesyroLwmumu:

317-0n- = 00«91, IHAH=-°1436, c t+ron- =-°'007°.
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Ons npoBepkyu agekBaTHOCTM Mogenn lMuTuepa pewann ob6paTHyl 3afady, T.e.
Haxo4Mnn 3HavyeHUs OCMOTMYECKOro KoaguumeHTa BOAbl W CPefHEro  WMOHHOro
Koa(huumeHTa OT cocTaBa pacteopa. [ns 3TOro nNOACTaBNANM HaWAeHHble MapaMeTpbl
Teopun B ypaBHeHus (1) un (2). NMonyyeHHble gaHHble NPeACcTaBeHbl B TaONNLE.

Tabnuua
Table
KcnepumeHTasnbHble [CyxoTuH, 1981] 1 pacyeTHble 3HA4YEHUSI OCMOTMYECKOT0 KO3(h(hmumneHTa BoApb!
1 cpegHero KoahumumneHTa akTMBHOCTM Ana cuctemsl H20-LiOH npu 25 °C
The experimental [Sukhotin, 1981] and the calculated values ofthe osmotic water coefficient
and average activity coefficient for the H20-LiOH system at 25 °C

T,
MO/B/1000 r H20 Paaq Ppeo Y+aa Y+ o

01 0.894 0.910 0.718 0.737

02 0.889 0.888 0.663 0.671

03 0.881 0.876 0.628 0.631

04 0.874 0.870 0.603 0.602

05 0.870 0.866 0.583 0.581

06 0.865 0.864 0.566 0.564

08 0.860 0.863 0.541 0.540

10 0.857 0.865 0.523 0.522

20 0.874 0.888 0.485 0.483

25 0.881 0.900 0.475 0475

3.0 0.885 0.910 0.467 0.469

40 0.896 0.923 0.454 0.461

5.0 0.921 0.924 0.456 0.452

Kak cnefyeT 13 Nofly4eHHbIX AaHHbIX, PACYETHbIe BENMYMHbLI XOPOLLO COracyrTes C
3KCNepUMEHTaNlbHbIMWU  AaHHbIMKW,  CNejoBaTeNlbHO, NapameTpbl  MoAenu nopobpaHbl
KOPPEKTHO.

Ona mogennpoBaHus auarpaMmbl cocTosiHMa H20-LiOH Heobxoammbl faHHble 00
aHeprum Imb66ca o6pasoBaHMa KpucTtannormgpata LIOHH20. [ns 3Toro paccmMOTpeHO
paBHOBeCKE:

LIOHQPR+ H2O(>k) = LIOHH20(T). 3)

BoipaxeHune AG°® gnda Kpuctannormgpara:

AG° =RT InaliG¥{y + RT InaH0O{K. 4

Mopactasnaa BblpaxeHua (1), (2) B (4) w 3agaBascb COCTaBOM CUCTEMbI U

TemnepaTypom, Haxogum BblpaXeHne  ana  aHeprum  mbbca  obpaszoBaHus
Kpuctannorugpara:

AG°T=-5200 + 31.66 x T, x/moib.

PesynbTaTtbl pacyeTta (ha3oBoi gmarpammbl H20-LiOH npefcTaBneHbl Ha pPUCYHKe,
Ha KOTOpPbI HaHeceHbl 3KcnepuMmeHTanbHble Touyku [Kadgapos, 1961]. PaccumTaHHas
AunarpaMmma - npocTas 3BTEeKTMYecKas ¢ KoopAmHaTaMmn TOUKM 3BTekTMKM 10.2 mac.% LiOH
nt=-18 °C.
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Puc. SkcnepvMeHTanbHasA 1 paccuMTaHHas AvarpammMbl COCTOSAHMA cuctembl H20-LiOH
Fig. Experimental and calculated phase diagrams ofthe system H20-LiOH

3aKyeHune

MpoBefeHO TepMOAMHaAMUYeCKOe MOAennpoBaHue [BOWHOW cucTtembl H20-LiOH B
pamkax Mogenu [uTuepa. BbiBegeHbl ypaBHEHUSA [NA  pacyeTa CPefHEro WOHHOro
KoaphuumeHTa aKTMBHOCTM M OCMOTUYECKOro Ko3ahguumeHTa BOAbl, pPacCUYUTaHHbIE
3HAYEHUS KOTOPbIX XOPOLUO COrnacytoTcs C 3KCNepuMMeHTalbHbIMU AaHHbIMWU. PaccuuTaHbl
napameTtpbl mogenu MNurtuepa. MoctpoeHa gnarpamma coctoaHma H20-LiOH.
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